This study was designed to evaluate the resistance phenotypes of β-lactamases-producing Klebsiella pneumoniae strains. . The antibiotic susceptibility corresponded well with the results obtained from dual disc diffusion assay, which was in good agreement with the β-lactamase production. The results provide useful information for understanding the resistance phenotypes in association with β-lactamase production.
INTRODUCTION
Klebsiella pneumoniae, a Gram-negative, non-motile, encapsulated rod-shaped bacterium, has become an emerging nosocomial pathogen that can cause clinical infectious diseases, including pneumonia, urinary tract infection, bacteremia, cholecystitis, osteomyelitis, meningitis and thrombophlebitis (Doosti et al. 2015) . Over the past decade, the emergence of multiple antibiotic-resistant K. pneumoniae has been rapidly increased worldwide. The production of extended spectrum β-lactamases (ESBL) in K. pneumoniae is mainly responsible for the increased resistance to different classes of antibiotics such as β-lactams, aminoglycosides and fluoroquinolones (Kaczmarek et al. 2006; Marchaim et al. 2008; Adeyankinnu et al. 2014) . The infections with ESBL-producing K. pneumoniae are difficult to treat due to the limited therapeutic options, leading to the increased rates of morbidity and mortality (Chandramohan and Revell 2012; Adeyankinnu et al. 2014) . The production of various β-lactamases can provide an increased selection pressure, which accelerate the emergence of multidrug-resistant bacteria (Féria et al. 2002) .
The β-lactamases, hydrolyzing β-lactam antibiotics, are classified based on the substrate profiles into six classes: I (inducible and constitute β-lactamases), II (chromosomally mediated β-lactamases), III (plasmid-mediated TEM-type β-lactamases), IV (broad-spectrum β-lactamases), V (SHV-type β-lactamases) and VI (metallo-β-lactamases) (Baucernfeind 1986 ). According to the amino acid sequence, the Ambler classification divides β-lactamases into four classes: A (CTX-M, SHV and TEM), B (IMP, SPM and VIM), C (AmpC, FOX and MOX) and D (OXA) (Barry and Barlow 2005) . The multidrug resistance in K. pneumoniae is primarily mediated by the production of different classes of β-lactamases. The relationship between β-lactamase production and resistance phenotype is essential to understand the resistance mechanisms in K. pneumoniae. However, there is still a lack of information on the phenotypic and genotypic antibiotic resistance profiles in association with the classes of β-lactamases in K. pneumoniae. Therefore, the aim of this study was to evaluate the antibiotic susceptibility and β-lactamase production in ciprofloxacin-induced and clinically isolated antibioticresistant K. pneumoniae strains, based on the interaction between β-lactamases and β-lactamase inhibitors.
MATERIALS AND METHODS

Bacterial strains and culture conditions
Strain of Klebsiella pneumoniae ATCC 23 357 (KP WT ) was purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA), which was exposed to ciprofloxacin to induce antibiotic-resistant strain (KP CIP ) according to the stepwise selection method (Kim et al. 2016 
Antibiotic susceptibility testing
The susceptibility of K. pneumoniae strains to β-lactams was determined according to the Clinical Laboratory Standards Institute (CLSI) procedure with minor modification (CLSI 2014 
Dual disc diffusion assay
The phenotypic method was used to evaluate various β-lactamases produced by K. pneumoniae (Drieux et al. 2008 kit (Qiagen, Hilden, Germany). Each culture lysed by proteinase K was mixed with the reaction mixture containing 10 μL of 2X TOPsimple DyeMIX-HOT (Daejeon, Korea), 1 μL of template DNA, 1 μL of each primer, 7 μL of nuclease-free water. The mixture was amplified by using a XP Thermal Cycler system (Bioer, Hangzhou, China). The mixture was denatured at 94
• C for 10 min, following 30 cycles of 94
• C for 30 s, 56
• C for 30 s, 72
• C for 1 min.
The electrophoresis of PCR product was carried out with 1% of agarose gel. The agarose gel was stained with ethidium bromide for 10 min and then visualized under UV light. 
RESULTS
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DISCUSSION
The multidrug resistance in Klebsiella pneumoniae is attributed to several mechanisms, including the efflux pump systems, acquisition of resistance determinants and production of β-lactamases (Cao et al. 2014) . The major mechanism of β-lactam resistance in K. pneumoniae is the production of different classes of β-lactamases resulting in the hydrolysis of β-lactam antibiotics, including penicillins, cephalosporins and carbapenems.
To the best of our knowledge, this is the first study that describes the relationship between β-lactamase production and resistance phenotype in ciprofloxacin-induced and clinically isolated antibiotic-resistant K. pneumoniae strains. , suggesting that the resistance was attributed to the class A (CTX-M, SHV, TEM, KPC, SME, NMC-A and IMI-1) and class C (AmpC, FOX, MOX, MIR-1, ACT-1, CYM and LAT-1) (Du et al. 2014) . Klebsiella pneumoniae stains carrying SHV, AmpC and OXA genes are highly resistant to cephalosporins (Pangon et al. 1989; Kim and Lee 2000; Du et al. 2014) . In general, the activity of class A and C β-lactamases is effectively inhibited by CA, SB and TB (Hanson and Sanders 1999; Bush and Jacoby 2010) . As a result, the activity of AMP and PIP is synergistically increased by combining with SB and TB, respectively (Bush et al. 1993; Yigit et al. 2001; Petersen et al. 2009 ). The changes in susceptibilities of KP WT and KP CIP to CFT, CFX, CFZ, CFA and CEP between absence and presence of β-lactamase inhibitors were not noticeable, which is in good agreement with a previous report that cephalosporins were stable to β-lactamases and β-lactamase inhibitors (Jarlier, Fournier and Philippon 1988) . The cephalosporin resistance in KP CI237 , KP CI263 and KP CI272 was decreased in the presence of BL which can inhibit class A, C and D β-lactamases (Petersen et al. 2009 ). This OXA type β-lactamase confers strong resistance to cephalosporins, especially CFZ and CFT.
The results of MICs corresponded well with the disc diffusion assay, which was in agreement with the β-lactamaserelated genes detected by PCR amplification (Fig. 1) (Féria et al. 2002) . However, the resistance phenotypes are not always related to the β-lactamase production alone (Tzelepi et al. 2000) . The resistance of K. pneumoniae to β-lactam antibiotics is attributed to the production of various β-lactamases in association with the porin alterations (Pangon et al. 1989) . The mutation of outer membrane porin channels can cause the decrease in penetration rate of β-lactams, leading to the increase in antibiotic resistance (Kaczmarek et al. 2006) . In addition, the plasmid-mediated β-lactamases can be transferred into bacterial cells through conjugation (Miriagou et al. 2003; Goren et al. 2010; Liu, Thungrat and Boothe 2016) . Therefore, K. pneumoniae strains can harbor various classes of β-lactamases, which is the major cause of cross-resistance to β-lactams and further contributes to the occurrence of multidrug resistance.
In conclusion, this study highlights the relationship of resistance phenotype and β-lactamase production in K. pneumoniae strains. . The β-lactam resistance associated with the production of β-lactamases in K. pneumoniae strains can provide useful information for designing an infection control strategy in combination with appropriate β-lactamase inhibitors. The production of β-lactamase is considered a major mechanism responsible for the resistance to β-lactam antibiotics. However, further study is needed to differentiate various types of β-lactamases and also develop novel β-lactamase inhibitors, which can elucidate the mechanisms of cross-resistance to β-lactam and other classes of antibiotics.
